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The Effects of Endothelin Receptor Antagonist on Hemodynamic and
Respiratory Mechanics in Experimental Acute Pulmonary Thromboembolism
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Background : Endothelin (ET) is the most potent vasoconstrictor and bronchoconstrictor. The plasma ET-1
level is elevated in patients with acute pulmonary thromboembolism (APTE). This finding suggest that ET-1
may be an important mediator in the cardiopulmonary derangement of APTE. But whether ET-1 is a patho-
genic mediator or a simple marker of APTE is not known. The role of ET-1 in the pathogenesis of cardiopul-
monary dysfunction in APTE (delete) was investigated through an evaluation of the effects of ETs-receptor
antagonist on APTE. The increase in local levels of preproET-1 mRNA and ET-1 peptide in the embolized
lung was also demonstrated.

Methods : In a canine autologous blood clot pulmonary embolism model, ET s-receptor antagonist (10 mg/kg
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— The effects of endothelin receptor antagonist on hemodynamic ~

intravenously, n=6) was administered one hour after the onset of the embolism. Hemodynamic measurements,
blood gas tensions and plasma levels of ET-1 immunoreactivity in this treatment group were compared with
those in the control group (n=5). After the experiment, preproET-1 mRNA expression (using Northern blot
analysis) and the distribution of ET-1 (by immunohistochernical analysis) in the lung tissues were examined.
Results : The increases in pulmonary arterial pressure and pulmonary vascular resistance of the treatment
group were less than those of the control group. Decrease in cardiac output was also less in the treatment
group. Complications such as systemic arterial hypotension and hypoxemia did not occur with the
administration of ET,-receptor antagonist. The plasma level of ET-1 like (ED : what does ‘like’ mean?)
immunoreactivity was increased after embolization in both groups but was significanﬂy higher in the treatment
group. The preproET-1 mRNA and ET-1 peptide expressions were increased in the embolized lung.
Conclusion : ET-1 synthesis increases with embolization in the lung and may plays play an important role in
the pathophysiology of cardiopulmonary derangement of APTE. Furthermore, ET ,-receptor antagonist attenu-
ates cardiopulmonary alterations seen in APTE, suggesting a potential benefit of this therapy. (Tubercuiosis
and Respiratory Diseases 2000, 48 : 210-222)

Key words : Acute pulmonary thromboembolism, Endothelin-1, Endothelin receptor antagonist.
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45 mmHg7t HE& 2AYct. 25 diE 9
catheter& AM¢lste] F4UYE &3t 5 97
A 7 Fr.o)] Swan-Ganz catheter (Baxter
Healthcare Corporation)& Aiste] Hi$=iql ¢
AeEEE ST, 5 o7 Avos ¥ §
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ol 91x|A1ATh. Catheter’t oz wsls He
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catheterg 53 ¥ HadFwtel 45 mmHg
7t 2 w7k XA 3] FYsdct.
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g4 FY 1A dEe ¥oho] MAEHE gt
g 3§ g8 A AFES I8k (PreRx),
TE3 AFA FoTe ET, 5ol 84 Za4,
ZD2574 (Zeneca, Cheshire) 10 mg/kg& 1089
AR AA3] AR YR A e F
skt

4. R N BN Hao 5
AY FEol ¢HE ¥ (Baseline) Au, BE ¥

Wk, ARA R A, AwERe SR8 k=
A4S A3l T EFRES AR &

Aeba wstel AE Auky, BF FUY, BT A
Fagh, dAxAgnds, A4Ede ST ¢
o] &AL catheterE pressure transducero] ¢
Asled AR, A& cardiac output com-
puter COM-1 (American Edward Laboratories)
£ olgs ZAslgct. Aletaeke. thermodilution
7iow 5& F7] F U0 @30 38 4
o olge] HAAE &4t &F dghe] ¥ Ax=
7] A ojats B BYS SAn FHE HL &
g Auidel ria £4, EY2E S olE
Az #A¥E#  AH¥  (pulmonary vascular
resistance), A#]4 ©@& (physiologic shunt ; ve-
nous admixture), Aelx A3 & (physiologic
dead space | Vp/Vi)-& AlArstsct.

AP A, Bl 9=, A 28] Al
olg8 F4& oheut At

Pulmonary vascular resistance (dynes - sec -
m%/em®) = (MPAP-PCWP) +C.0. x 80
MPAP : mean pulmonary arterial pressure
(mmHg)
PCWP : pulmonary capillary wedge pres-
sure (mmHg)
C.0. : cardiac output (L/min)

Physiologic shunt (%)= (Cc0,-Ca0,)/(CcO,-
Cv0,) x 100
-Ca0, : arterial blood O, content (ml/dL)
~CvQ, : mixed venous blood O, content (ml/
dL)
-CcQ, : pulmonary end-capillary O, content
(ml/dL)
*PcO, is assumed equal to the alveolar
PO,
PAQ,=PI0,~PaC0O,/R(1-Fi0,(1-R))
0, content {ml/dl)=Hb X 1.34 X Sa0,+0.
003 x Pa0,
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*S0, = {100(P0O,*+ 2.667 * PO,)} /{PO,*+2.
667 x PO,+55.47}
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o] ®hi‘gs ulsicl. dA RNA (20mi2)E 1%
agarose/6% formaldehyde denaturing gel 3714
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brane (Sure Blot ; Oncor, Gaithersburg, MD)dj]
27|31 membrane-& Rapid-Hyb buffer (Amer-
sham Corp., Arlington Heights, IL)& 65|
2087} prehybridization3lgdr}. Ovine preproET-
1 ¢cDNA probe (550bp)2] plasmid (pOET1.9)=
Dr. Steven Abman (University of Colorado
School of Medicine)d|AjA] 715 who} ARZ-31ic).
Probe® random prime labeling kit ( Amersham
Corp.) & o|&3 [a-*P] deoxy-CTPZ labeling
&}3L prehybridizationg§9o)] 1x10° dpm/ml& &}
k. 65CAA 241 BRF ALoA 2x8SC/0.
1% SDS=z 1584 A AMAF 65ClA 1xSSC
/0.1% SDSZ 30#% F ¥ A¥sct. Autor-
adiography ¥ scanning densitometry 2 #4819
t}. Factin® = RNA loading-& A%3} 31
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Table 1. Hemodynamic response to embolization and ZD2574

After embolization

. AfterRx AfterRx AfterRx
Parameter Group Baseline PreRx . . )
60min 120min 210min
HR, Control  178+14  1774£10 160+3 162+2  173+4
beats/min ZD2574 1778 169+10 160+10  164+12  170%17
Psa, Control  147+12  149+12 158+13%  159+13 159+14
mmHg ZD2574  154+12 147413  152+13  154%12  150%9
Ppa, Control 12+1 25+1* 2542 26+2' 2843
mmHg ZD2574 13+1 25+1% 20+1" 20+1¢  21+1”
Pcwp, Control 41 4+1 3+1 4+1 5+1
mmHg ZD2574 4%1 410 4+1 5+0 5+1
Co, Control  33+0.3  28+02¢ 23+02" 19+02° 18+01"
L/min ZD2574  3.3+0.2  29+02¢ 3003  28+03  2.5£0.2%
PVR, Control ~ 216+19  608+59* 789+100" 988+99" 1043:+79*
dyne-sec-m’/em®  ZD2574  215+14  583+£22% 420+37° 440+16" 480418

Definition of abbreviations : HR==heart rate ; Psa==mean systemic arterial pressure, Ppa=
mean pulmonary arterial pressure ; Pcwp=pulmonary capillary wedge pressure ; CO = cardi-
ac output ; PVR=pulmonary vascular resistance ; Data are presented as mean+SEM. Be-
fore autologous blood clot embolization (Baseline) ; 1h after embolization and immediately be-
fore administering ZD2574 (PreRx) ; 60 min, 120 min, and 210 min after administering
ZD2574, hemodynamic data were measured. Data are compared to animals not receiving
ZD2574. * : p<0.05 for differences in time matched between-group contrasts. !: p<0.05
compared with preRx. *: p<0.05 preRx versus baseline.

SAS FA programg ol83Au ¥HA (Base-
line) 3 AA% 147t (PreRx) 9] W3l paired t-
test® w|walygm, A8Fe FIye wWIl:=
GENMOD procedure® ©}£3l] Liang and
Zeger's GEEs £4& AA3}¢tt. P value 0.05 1|
e Ao ov] rin it

d =
1. X7t €Y miMEe aof
48 7% B AT, Aved, ¢ gy

Age] Aol fiflen] 44 1A% (PreRx) o
ZT3} +8A 2gA TP BT HSHLL 44

26+1 mmHgo} 25+ 1 mmHgE Z718bads, Aut
0. 747} 2.840.2 L/min®} 2.9+0.2 L/min®&
adlglon], HEP AL 608+59 dynes - sec
- m*/cm® 583422 dynes - sec - m¥/cm°2 &7}
¥ o] A7EA] WMol Bt Aole HolA] Wt
o} =3 59E g £ AYYE Aage @A
Hjg A& 1A% 57 EF0A dasigen Ad
A% FE7Y ol gisich FHUE ojdE: F
5, Ag3 dgke, 9 APFEEE A viE 4
A 1N o] A F71Een ol WM B
F23 FoJF Aol Kol gsttt. W A et
& A AE WsE Holx Yk (Table 1, Table
2).
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Table 2. Gas exchange response to embolization and ZD2574

After embolization

AfterRx AfterRx AfterRx
Parameter Group Baseline PreRx ) . .
60min 120min 210min
Pa0,, Control 117+6 60+6* 65+6 66+5 676
mmHg ZD2574 103+3 56 +5*% 60+6* 6547 67+6
PaCO2, Control 36+1 52+3* 51+4 51+3% 48 +4°%
mmHg ZD2574 37+2 57 +5* 53+6 52 +7 505
Pv02, Control 52+2 41+4* 40+4 383 38+3
mm Hg ZD2574 48+3 40+ 3* 40+2 4112 40+2
pHa Control 7.39+0.02 7.25+0.03* 7.25+0.03 7.26+0.03 7.29+0.03
VD/VT, ZD2574 7.36+0.02 7.22+0.04% 7.23+0.04 7.23+£0.04 7.23+0.03
% Control 52+1 63+4*% 61+5 604 58+5
Physiologic ZD2574 44 +4 60+ 3* 57+7% 60+5" 55+4
shunt, % Control 2+1 40+ 8* 28+3¢ 23+3¢ 27+5
ZD2574 3x1 46+ 7* 35+9 32+7¢ 26+6

Definition of abbreviations : PaO,=arterial oxygen tension ; PaCQ,=arterial carbon dioxide ten-
sion ; PvO,= mixed venous oxygen tension ; pHa=arterial pH ; V,/V,;=fraction of dead space
ventilation ; Data are presented as mean +SEM. Before autologous blood clot embolization (Base-
line) ; 1h after embolization and immediately before administering ZD2574 (PreRx) ; 60 min, 120
min, and 210 min after administering ZD2574, blood gas tension data were measured. Data are
compared to animals not receiving ZD2574. * ; p<0.05 for differences in time matched between-
group contrasts. ¥ p<0.05 compared with preRx. ¥. p<0.05 preRx versus baseline.
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Fig. 1. Effects of embolization and ZD2574 on
mean pulmonary arterial pressure at
baseline; PreRx; and after administer-
ing ZD2574 (q 30min for 210 min) * : p
<0.05 for differences in time matched
between-group contrasts.

2. ET, 24 dgd2 &1

1) BT oSt

Ao e HEHGS FEA AFA FoT
Ae ETA 784 234 545 oA 243
3 YZpoAME ARl wE HslE HelA| 9y
T2 @ A89ge) Aole ETa 841 234
Fof 30% FHEH foldte x2S 25+1 mmHg,
283 2894 SQZe 22+1 mmHg (p=0.041)
gomn o]g AL 21087b#] (283 vs. 211
mmHg, p=0.027) 4= Uc}H(Fig. 1, Table 1).
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Cardiac Output
(Umin)

Embolization —@— ETRc antagonist
‘ —©— Control

Basoline PreRx 30 ] 9 120 150 180 210
Time (min)

Fig. 2. Effects of embolization and ZD2574 on
cardiac output at baseline ; PreRx ; and
after administering ZD2574 (q 30min
for 210 min)

* 1 p<0.05 for differences in time ma-
tched between-group contrasts..

1200 4 * * * *
1000
E 800 4

i
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£ w
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Embolization i ET R sedagonist

~O~ PEG{control)

[

Baseline PreRx 30 -] o0 20 150 180 210
o Time(min

Fig. 3. Effects of embolization and ZD2574 on
mean pulmonary vascular resistance at
baseline ; PreRx ; and after administer-
ing ZD2574 (q 30min for 210 min) * . p
<0.05 for differences in time matched
between-group contrasts..

ZYA Fof 15087 AHutdee] o8 Z4E
Holx] gtirl olFol= Yzt gulsA 24s)
ot dxee 2 Fode] Auraare 4284
ZYA o 308 ¥ Z12} 2.6+ 0.3 L/min, 2.9 0.
2 L/min §-2|3t 2ol Holr] AlZsle] 21087}
A FA=HUCH(1.8£0.1 vs. 2.5+£0.2 L/min, p=0.

043) (Fig. 2, Table 1).

3) HEx Ng

44 APA FoAToMe 234 Fo 308 1?':—1'
B $AHo Ao 2ag Bl v dzee

A Fo 60857 E A&5H o2 AAAAY ] —‘7}*—
Bk 529 d39A48e #84 284 o9
30EE di=TL 706193 dynes - sec - m*/em?,
$84 28A T3 462 +20 dynes - sec - m?¥/

CemE Ajolg Koy AlREle 2108Fd= ztz

1043 +79 dynes -sec » m*/cm® 480118 dynes
- sec - m¥/em® (p=0.002) 2 t]& AolE BHYTt
(Fig. 3, Table 1).

4) T et

FEA AgA FoTd gz 2F AR e A
A 8] gzbe] WEL Qo FE Aole B
olz] g¥ttH(Table 1).

5) &l 7}~

84 AgA Folrd dz 25 598 ¢ 39
o] A4 o] HFe giglon 52 Aol B
o] gstrt(Table 2).

6) M2l cig}(physidogic shunt) ¥ M2ix Al
S & (physiologic dead space)

F84 APA FAF FE 25 ARl g A

214 v o el AP WEe dslod Fzt

zpol= HolA] g¥gkr}(Table 2).

7) YUY 3 HUE ET-1 5%

A7 (Baseline) T3¢ 90y 2 E3pyade
ET-1 =% 0l RolR gston, M3 1Ak
84 28A FoJA(PreRx) 98 2 £ 39
g9 ET-1 =& Addd vlg] £ 2504 9
v gle F7HE Bglou}t £33t Aol HolR] gkt
th. ET-19 $5& 4AF 4T 2504 Azl
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Table 3. Effect of embolization and ZD2574 on the circulating level and arterial to venous ratio

of endothelin-1

Arterial ET-1(pg/ml) Venous ET-1(pg/ml) Ratio(A/V)

Control ZD2574 Control ZD2574 Control ZD2574
Baseline 21+£0.2 24+04 2.21+03 2.9+0.6 0.95 0.86
PreRx 4.0+0.6* 3.6 +0.7% 4.2+0.8*% 4.2+1.0% 0.96 0.89
AfterRx210m 5.6+0.8* 33.045.7" 5.0+£09% 32.8+6.2% 1.18 1.02

Data presented as means + SEM.

"1 p<0.05 for differences in time matched between-group contrast.

*: p<0.05 compared with baseline.

B

Fig. 4. ET-1-like immunoreactivity in embolized
lung and normal lung tissue. Embolized
lung shows immunoreactivity (brown
staining with antibody to the C-terminal
of ET-1) in the vascular endothelium of
pulmonary artery. This finding did not
present in normal lung.

g ou|A Zrhstgl ot 64 A Fo 2102
¥ B9¥e] ET-1 5= 7o} 56408 pg/
ml, 58 A¥A] FoJito] 33.0+£5.7 pg/mlE, &

Normal Control ZD2574

N
.

PraproET-1 mRNA expression
(arbitrary unit)

Ncal Controt ZD2574

Fig. 5. Effects of embolization on preproET-1
mRNA expression in normal, control,
and treatment group lungs (Northern
blot analysis).

FANE L tzFo] 5.0+0.9 pg/ml, F&H AIA
Eoo] 32.8+6.2 pg/ml2 F44 APA FAF
diA gzl vl grigle & FEE Bt F
e o &3 AN ET-1 =9 v dizgs
T8 AYA] FoATNA 25 AR vla] HAE
ARkl we} F7iske FAIR U SAA vl ol
9JcH(Table 3).

8) Hih ET-1 U¥
Aol dold Azl AEd WdAE, B 3¥
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ZHE, 7= 3FAE, A2y FAAE FSIA ET-1
of g Az slstdy g ngon o= 43
o] dojuA] 42 A4 A9 AzH A B
2 70|13t (Fig 4).

9) H|LH preproET-1 mRNA i
Ago] dojd H=A9] prepro ET-1 mRNA 3
2 BN Az vigte] dizie] B4 2.24,
F8A YA 5T 7S 2499 ZUIE Y0t
(Fig. 5). :

L
1. o7 ol A

B8 H8AZE FAAlelM A7 oy YA
o] HEWAE dste] YASH= oz B4 A
9] 8-25% A BA=HY vz A4 #YEY I8
7 HEF olo] A AR B AEHA Ao
o AE7A olell gid A& e 1960} v
3g o ZA 2R gger e Bz A
2 87} Hojm ApFEe] 10% 3= Hols, HI
3097 A HF ] AL olHT vl & o
A ZaEA G A4 AF A TS A
7Vee] Zolis Al A% HERAL] Bl HA4°
o A7 AN grgo g niEE ojxtzel du 2
7187 £ 2 A% 34 AU AJaF] 7]
qgctmiet dejA don, Ao Uyge oz <l
& 34 A4 FAdo] uiRiolr)t wEhA XHA<L
i 54 4339 NE BEFE S0 ZH3E
we] ZaAlgle Folch ol uid WPoz &y
A HHE FH FolFe Win ojxbad AAN YA
whgol 2% AdriE FdE d3AIlE Wigel A
th A7 AR vhgel o Adrls e 344
e Wyes 9 nitroglycerin,
nitroprusside, calcium channel blocker T2} €%

AT AZEAT. ol ATHgL AL F

sodium

Ao} viBold oz AN = gt Y
& Yojzgn 3] 8§ 89YE A Ve 1w
g Ao g d3AFIe T Fahgo] Hase] ¢ o]
A ol g-=A] QI QT ol9lolx BAStE a4y
ojA] EH|slE serotonino] H4 HNABFe ¥
Stoll Zlejditkn AR, o £E8H AYAY
ketanserin'®g Foi¥ 3¢ F4 J4QZAAM 4
#7715l froldiA o] ¢4, 34 AdAF
oA AAA A wkgol 23 Hulr)E WHslE THA|
Jle 588 A8 oz o4 74 By
ol&7tA] ole] A8 &= HAZ AYH UA %
t}.
A HaAZe] Bl 798 Ao FFEE &
A& endothelin (o]8} ET#} eFgl)o] &=aiA it
ETE @471 4&8d 84 5 /b8 298 89 ¢
2184 % 24-& 717 peptideo|tH™ % Alge] o
oA ETS d¥3 gNE, 7= JoNE € A 2
B HAE FolA gEoIAY ET 4371 A8 2
AE, HiolHlE, 7% B 7|27 FolA a5
Roz no} do &3 Az & ¥ 71dd) 2%
slelgta &= AT

obzta) 4 A AZe] WA ET-1¢9) &%
o tisixe S43A BaA IR gout oje Bd
kA A7 29ES £ W 2 489 rhsAe
¢ a4 g4 48504 843td gav
i ojdix] EBlEl: transforming growth factor
(TGF) beta-19j] <3l H8# WM XA ETS]
2|7} Zobdchs Bavb okl £8 34 44
Z $AlA 59 f &5 AYYA ET9 s=71
Z7E3, $H8a Y] ET st 371l
vl A 34 5 AAZA HoA ETe] Aide] 3
Z¥tAG diAZE Astss 9 Folivt A e
o] A vl UKTHE A2 & HudNe 78 7
Z fus HAAZe] ‘ex vivo' isolated heart and
lung modelojAl #H#-F<4 (pulmonary effluent)u]
big ET-1 $%=9 7P} #4599 % 333 4
2o 58 A8 g 7sAol Aok A& ET
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FEA APAE 0|83t AAIG v A}, o=
HAAZF] W 7|dF Fa8% 44 7T £
ETo| #tq¥E Artehe Aot o3& sl &
o ETo] ixZe] ye] 71dd #4319 ET 48
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